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ABSTRACT 


0-rlngs  originally  conforming  with  Military  Specification  MIL-P-5516  and 
which  had  reached  the  maxinwm  allowed  storage  age  of  4  years,  were  tested  after 
an  additional  5  years  of  shelf  aging.  During  the  original  4  years  the  rings 
were  sealed  in  lined  envelopes,  hut  during  th.e  ensuing  5  years,  some  rings  were 
exposed  to  light  and  air,  some  were  exposed  to  air  with  light  excluded  and  sone 
were  kepi  sealed  in  the  original  enveloi>es. 

No  significant  changes  in  physical  properties  from  the  standpoint  of  serv¬ 
iceability  were  observed  after  slielf  aging  ror  5  additional  years  under  tin 
above  cond I t ions , 

It  is  concluded  liiat  O-rings  which  meet  the  requirements  ol  Specification 
MlL-P-5516  will  give  satisfactory  service  after  at  least  9  years  shell  aging 


at  moderate  room  temperatures. 
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INTRODUCTION 


1,  The  Rubber  Laboratory  was  requested  by  the  Bureau  of  Ships  in  references  (a), 
(b) ,  (c)  and  (d)  to  determine  the  effects  of  shelf  aging  on  the  physical  properties 
of  O-rings  forwarded  as  enclosures  with  references  (a)  and  (b) .  The  O-rings  were 
Size  AN6230-6,  manufactured  by  the  companies  Identified  in  Appendix  1  to  conform 
with  the  requirements  of  Military  Specification  MIL-P-5516A,  reference  (e)  ,  WJien 
received  by  the  Laboratory,  the  0-rlngs  had  already  been  in  storage  for  a  period 
of  4  \ear8. 


2,  T'.e  Bureau  of  Ships,  In  reference  (a),  requested  t  e  Laboratory  to  test  the 
O-rings  upon  receipt  and  yearly  thereafter.  T^e  O-rlngs  were  to  be  si.elf  aged 
70  -  80®F  under  the  following  conditions: 

a.  Sealed  tn  original,  air-tighc,  li ned  ,  enve lopes , 

b.  Removed  from  the  envelopes  and  exposed  to  air  and  diffuse  lig'i  from 
neon-filled  tubes  iligi'.t  exposure  app  roxi  ma  t  c  1  v  10  i.nurs  of  every 
working  day)  . 


1 


Rersoved  from  the  envelopes  and  exposed  to  air  with  light  excluded 


c  • 


TEST  PROCEDURES 

3,  To  determine  the  effects  of  shelf  aging,  the  properties  listed  below  were 
measured  on  the  rings  received  and  after  five  years  aging  under  conditions 
outlined  m  paragraph  L,  Th.e  temperature  during  the  aging  period  was  73.5  ± 

Forty  rings  were  used  to  determine  the  initial  tensile  properties  and  ^0  rings 
were  used  to  determine  the  aged  tensile  properties  for  each  storage  condition. 
Permanent  set  was  measured  on  ten  rings  initially,  and  on  five  rings  after  aging 
under  each  storage  condition, 

a*  Tensile  strength,  ultimate  elongation  and  tensile  stress  at  100% 
elongation  were  determined  according  to  methods  ^111,  41^1  and  4131 
respectively,  of  Federal  Test  Methods  Standard  No.  601,  reference  (f) • 

b.  Permanent  set  was  measured  according  to  Military  Specification  MIL-P-5516A, 
Class  A,  paragraph  4, 5. 2. 4,  reference  (e) . 

c.  Specific  gravity  was  measured  according  to  Method  14011  of  Federal  Test 
Methods  Standard  No.  601. 

RESULTS  OF  TESTS 

M.  The  results  of  the  tests  performed  on  the  0-rlngs  when  received  (4  years  after 
manufacture)  and  after  I,  2,  3,  4,  and  b  vears  additional  shelf  aging  are  given 
;n  Appendix  2.  The  results  of  tests  after  1,  2,  3,  and  4  years,  given  In  Reports 
^2-6,  92-7,  92-9  and  92-13,  reiei  cnees  (g)  ,  (: )  ,  (1)  ,  and  (J)  ,  respectively,  are 
repeated  for  comparison. 

3.  The  data  show  th.at  no  changes  in  tl.e  meabured  physical  properties  have  occurred 
during  tfe  1,  2,  3,  4,  or  3  additional  years  of  si.elf  aging,  winci;  would  signifi¬ 
cantly  affect  i!:e  serviceability  of  the  0-rings.  T‘ie  greatest  ciiange  observed 


waB  In  Che  stress  at  100%  elongation  of  the  Code  2  rings  stored  exposed  to  air  and 
light  for  5  years  in  addition  to  the  original  U  years;  an  increase  of  22%  was  ob¬ 
tained#  This  change  would  not  affect  the  serviceability  of  the  O-rings. 

CONCLUSIONS 

b.  From  the  results  of  this  Investigation  It  is  concluded  that  0-rlngs  originally 
meeting  the  requirements  of  Military  Specification  MIL-P-5516A  will  be  satisfactory 
for  service  after  shelf  aging  at  moderate  temperatures  for  at  least  9  years. 

FUTURE  WORK 


7.  Tlie  shelf  aging  of  the  0-rings  is  being  continued. 
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EFFECT  OF  SHELF  AGING  FOR  NINE  YEARS 


Properties 


After  4  yrs . 
shelf  aging 
A* 


After  5  yrs^  shelf  aglny 


A* 


B* 


C* 


Tensile  strength,  psi 

1600 

1590 

1570 

1560 

1630 

1576™-*- 

Change  in  tensile  strength,  % 

-0.6 

-3 

+2 

-2 

+0 

Ultimate  elongation,  % 

140 

150 

150 

140 

uo 

140 

140 

Change  In  ultimate  elongation,  % 

+7 

-i-7 

0 

0 

0 

0 

Tensile  stress,  100%  e longai Icn ,  psi 

1090 

ICJO 

1010 

1050 

1140 

1090 

1080 

Change  in  tensile  stress,  % 

-6 

-7 

-4 

+5 

0 

-1 

Permanent  set,  50%  elongation,  % 

1 

1 

1 

1 

1 

1 

Cliange  In  permanent  set,  % 

-50 

-50 

-50 

-50 

-50 

-50 

Specific  gravity 

1.31 

1.34 

1.34 

1.34 

1.34 

1.34 

1 

Change  In  specific  gravity,  % 

+2 

+2 

+2 

+2 

+2 

+2 

.3^ 


A 


Tensile  strength,  psi  1730 

Cliange  in  tensile  strength,  % 

Ulilmate  elongation,  %  150 

Change  In  ultimate  elongation,  % 

Tensile  stress,  100%  elongation,  ps L  980 

Change  in  tensile  stress,  % 

Penuinent  set,  50%  elongation,  %  1 

Change  In  permanent  set,  % 

Specific  gravity  1.31 

Cliange  In  sped  tic  gravity,  % 


*A  -  0-rings  stored  in  sealed  envelopes 
B  -  O-rings  exposed  to  iiir  and  arclilci.il  light 
C  -  0-rings  exposed  to  air  :  ut  light  e::c!uded 


Cod< 


A 

B 

C 

A 

B 

C 

1630 

1770 

1770 

1760 

1750 

1740  1 

-6 

+2 

+2 

+2 

+1 

+l 

150 

160 

150 

150 

150 

150 

0 

+  7 

0 

0 

0 

0 

960 

1000 

980 

1010 

1050 

980  ] 

-2 

+2 

0 

+3 

+  7 

0 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

1.32 

1.32 

1.32 

1.32 

1.32 

1  .32 

+  1 

+  1 

+  1 

+  1 

+  1 

+  l 

L  e  ir.pe  i  a  -  u  1 1*  t  (>um  niri  i  nt  a  i  ncd  at  /J.5  ' 


I  r  V  V  .i  r : 


70 

1560 

1630 

1570 

1610 

1550 

1550 

1580 

1560 

1590 

1560 

1550 

1590 

1620 

^  i 

-3 

+Z 

-2 

+0.6 

-3 

-3 

-1 

-3 

-0.6 

-3 

-3 

-0.6 

+1 

30 

140 

un 

140 

140 

130 

130 

140 

140 

130 

140 

140 

140 

140 

*h7 

0 

0 

0 

0 

-7 

-/ 

0 

0 

-7 

0 

0 

0 

0 

10 

1050 

1140 

1090 

1080 

1130 

1150 

1130 

1110 

1180 

1080 

1060 

1160 

1100 

—  7 

-4 

+  5 

0 

-1 

+4 

+6 

+4 

+2 

+8 

-1 

-3 

+6 

+2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

50 

-50 

-50 

-50 

-50 

-50 

-50 

-50 

-50 

-50 

-50 

-50 

-50 

-50 

1.34 

1  .34 

1.34 

1.34 

1.34 

1,34 

1.34 

1.34 

1.33 

1.34 

1.33 

1.34 

1.34 

1 

■+-J 

+i! 

+.! 

+2 

+2 

+2 

+2 

+2 

+2 

+2 

+2 

+2 

+2 

+2 

Code  Z  0 -Rings 
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Hare  Island  Naval  Shlp7az*<l,  Rubber  Laboratorj',  Report  No.  92-18  of  j 
24  February  1964.  Dholasslflod.  EFFECT  OP  SHBXP  AOIHO  ON  KIL-P- 
3516A  0-RIH08,  PXra  PROGRESS  REPORT  by  A.  S,  Barrett.  O-rlngs  j 
Initially  oonfoi^ng  to  Specification  KIL*P»99}6a  have  been  shelf  | 
aged  for  9  years.  During  the  first  4  years  of  this  perioo,  the  j 
0*rlngs  were  stored  in  sealed,  lined,  envelopes.  Representative  j 
8aBg}les  were  then  tested  for  tensile  strength,  ultiiaate  elongation.  ; 
tensile  stress,  set  and  speolflo  gravity.  Daring  the  latter  ^  j 
years,  sone  were  kept  sealed  in  tlw  envelopes,  sons  ver*  exposed 
to  air  and  artlfieial  ll^t,  and  soew  were  exposed  to  air  with  | 
I  light  exol tided.  Representative  saiqples  were  again  tested.  Ho  ! 

I  slgnlfioant  changes  In  the  osaaured  physical  properties  were  i 

I  observed.  It  is  oonoluded  that  O-rings  which  mset  the  reqolre-  I 

I  Beats  of  Speoifloatlon  IflL-P-^5l6A  will  give  satisfactory  service  j 

I  after  at  least  9  years  aging  at  aoderate  tenperatare,  I 


!  Mare  Island  Naval  Shipyard,  Rubber  X.aboratory,  Report  SO.  92-^8  of  j 
j  24  February  1964.  unclassified.  EFFECT  OF  SHELF  AOXHO  OR  KZL-P-  | 
I  ^516a  a-RI80S,  FZFTB  FBO(BtBSS  REPORT  by  A.  B.  Barrett*  O-rings 
I  initially  oonformlng  to  Speclfioation  KXL-P*^316a  have  been  shelf 
>  aged  for  9  years.  During  the  first  4  years  of  this  period,  the 
I  0*rings  were  stored  in  sealed,  lined,  envelopes.  Representative 
samples  were  then  tested  for  tensile  strength,  ultimate  elongation.  ; 
I  tensile  stress,  set  and  specific  gravity.  Daring  the  latter  3 
{  years,  some  were  kept  sealed  in  the  envelopes,  some  were  exposed 
I  to  air  and  artificial  and  soma  were  exposed  to  air  with 

j  light  excluded.  Representative  saoples  Wes's  again  tested.  No  j 
i  significant  eh^iges  in  the  measured  physloa?  properties  were  | 

I  observed.  It  is  oonoluded  tnat  O-rlngs  whi  .h  meet  the  require-  | 
ments  of  Specification  HIL-P-3916a  will  give  satisfactory  service 
j  after  at  least  9  years  aging  at  moderate  temperature. 

f 
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Hare  Island  Naval  Shipyard,  Rubber  Laboratory,  Report  No.  92-18  of  | 
i  24  February  1964,  DhclaRSifled.  EFFECT  OP  3KELP  AOIKO  ON  KIL-P- 
!  5516a  O-RINOS.  fifth  PROORSSS  report  by  A.  K.  Barrett.  O-rings  I 
j  initially  conforming  to  Specification  KI1/<-P-9516a  have  been  shelf 
I  aged  for  9  years.  During  the  first  4  years  of  this  period,  the 
0-rlngs  were  stored  In  sealed,  lined,  envelopes.  Representative 
!  sajoqples  were  then  tested  for  tensile  strength,  ultimate  elongation, 
i  tensile  stress,  set  and  specific  gravity.  During  the  latter  3 
years,  some  were  kept  sealed  in  the  envelopes,  some  were  exposed 
to  air  and  artificial  light,  and  some  were  nTpnsA/i  to  ai-  with  * 

-  light  excluded.  Representative  saflq)le8  were  again  tested.  Ho 
significant  changes  in  the  measured  physical  properties  were 
observed.  It  is  concluded  that  0-rlngs  which  meet  the  require- 
,  ments  of  Specification  KIL-P-5516A  will  give  satisfactory  service 
after  at  least  9  years  aging  at  moderate  temperature. 
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